Purpose To evaluate long-term outcomes of progressively enlarging cosmetic customized prostheses (CCP) early after birth followed by dermis fat graft (DFG), as a strategy of socket rehabilitation in children with clinical congenital anophthalmia (CCA). Methods Twenty patients with unilateral and two patients with bilateral CCA were enrolled. All patients were treated by inserting a CCP at the time of their first assessment which was then enlarged. Subsequently they underwent DFG. Differences in vertical palpebral aperture (VPA) and horizontal palpebral length (HPL), between affected and unaffected sides, were recorded at the first CCP fitting as well as before and after DFG. Satisfaction with cosmetic results, prosthetic retention, and complications rate were assessed. Magnetic resonance imaging of the orbit was performed in all patients before and after surgery. Results A significant decrease in the difference between the normal and the anophthalmic side of both PA and HPL was found over follow-up. Both VPA and HPL differences decreased by 47.6% (10.5 mm, range 1-28 mm) and by 7.1% (5.8 mm, range 0-18 mm), respectively. Satisfaction in terms of cosmetic outcomes proved to be very positive, being "very satisfied" for families and "satisfied" for physicians. Excellent retention of prostheses was observed in all cases. Conclusions A rehabilitating strategy combining early CCP and further DFG proved to be a valuable approach in children with CCA, offering significant benefits in terms of socket expansion, prosthetic retention, psychological impact, and cosmetic outcomes.
Introduction
Eye development is a complex process that occurs early in embryogenesis and is regulated by a highly organized sequence of genetic events. Disruption of any of these events at whatever stage may result in a wide range of ocular congenital malformations, including anophthalmia, microphthalmia, and colobomas. Congenital anophthalmia is a rare malformation, with an estimated incidence of 0.18-0.4 cases per 10,000 births [1] [2] [3] .
The term congenital anophthalmia is often used incorrectly to define cases of absence of a clinically detectable eye. However, it is not unusual for magnetic resonance imaging (MRI) to show eye remnants within the orbit, outlining a condition more properly defined as clinical congenital anophthalmia (CCA). Anophthalmia can occur by itself or be associated with other malformations or with specific syndromes of various etiologies [4] [5] [6] [7] [8] [9] [10] .
A full medical examination is mandatory to detect the presence of any related defect, such as ear, palate, heart, kidney, and brain malformations [11, 12] . A comprehensive medical history, physical examination, family history, karyotyping, and genetic counseling are essential to determine the correct diagnosis and management [13, 14] . The diagnosis is usually based on clinical signs and MRI findings [15] [16] [17] . The main concern with partial or total absence of a normal-size eye within the orbit is the reduced degree of developmental stimulus for the bony orbit, eyelids, and socket soft tissues. As a result, a wide variability of potentially disfiguring orbital and eyelid malformations may develop and blindness may remarkably contribute to severe psychological and social impairment, especially in bilateral cases. To date, different approaches have been proposed to expand the socket soft tissues and bony orbit in order to achieve good prosthetic retention and maximize facial symmetry. Nevertheless, procedures that merely aim to enlarge the bony orbit, such as the early three-dimensional (3D) orbital osteotomy [18, 19] , lead to an expansion of orbital bones and improvement of orbital symmetry, with no significant influence on the development of the conjunctival sac and eyelids [20] . Several specific devices have been reportedly used to produce socket volume expansion with subsequent stimulation of orbital growth, including solid shapes, hydrophilic expanders, and inflatable expanders [21, 22] .
Indeed, management of anophthalmia requires a coordinated approach, involving both oculoplastic surgeons and ocularists, to fit prostheses shortly after birth. Expansion of congenital anophthalmic sockets has prompted different approaches over the past decades. Despite such a multidisciplinary strategy, CCA remains a very challenging issue and a wide consensus on its more effective treatment has not been achieved yet.
Hard implants are available but require multiple surgical procedures under general anesthesia to modify the implant size according to the socket volume difference [21, 22] . On the other hand, self-expanding socket hydrogel tissue expanders feature early expansion in the socket over the first 48 h, occurring along the postero-anterior direction, with no influence on fornices depth [23] [24] [25] [26] [27] [28] .
Inflatable soft tissue expanders represent a further alternative for CCA although the direction of expansion has been found to be difficult to control and displacement of the conformer may occur early after inflation [21, 29, 30] . Furthermore, leakage and infection of the expanders have been described [29] .
Tse et al. developed a particular orbital tissue expander in 2011, with promising results in terms of bone growth [31] . Nonetheless, the treatment does not include any measure to stimulate conjunctival socket expansion [31] . Standard conformers by themselves as prosthetic approach or followed by dermis fat graft (DFG) have turned out to be a useful option employed over the years [23] . In particular, cosmetic customized prostheses (CCP) are all the more indicated for CCA due to the advantage of fitting the patient's socket with customized prostheses.
The aim of our study was to evaluate the long-term developmental and cosmetic results of CCPs and DFG in children with CCA.
Materials and methods
This was a retrospective consecutive multicentre study (Ocularistica Italiana, Rome; Institute of Ophthalmology, Università Cattolica del Sacro Cuore, Rome; Ophthalmology Unit, San Raffaele Scientific Institute, Milan. Italy) of patients who were diagnosed with CCA between 2009 and 2014. Each patient underwent CCP placing at the first clinical assessment. Progressively enlarging CCPs were then changed fortnightly for the first 2 months and then 3-weekly for the following 2 months. Afterwards, patients were followed up according to individual clinical findings every 2-6 months until DFG surgery.
Replacement of enlarging CCP was performed by an experienced ophthalmologist without anesthesia in an outpatient setting, employing a purpose-designed holder. Neither suture nor cyanoacrylate glue tarsorrhaphy were needed. Patients with CCA associated with large eyelid colobomas or orbital cysts were excluded from the study.
DFG surgical technique
The DFG was harvested from the upper outer quadrant of the gluteal region. The graft size was determined according to the volume and shape of the prosthesis. After the donor site was marked, an intradermal injection of saline solution was administered to facilitate the de-epithelialization of the skin from the graft. The DFG was then harvested. The deep layers of the donor site were closed with interrupted 4.0 vicryl sutures placed through the fatty and subcutaneous tissues. The skin was then closed with 5.0 vicryl sutures.
A conjunctival incision was made horizontally from the caruncle through the center to the lateral canthus. Blunt scissors were used to separate the endo-orbital tissues, bundles, and septa to allow the insertion of the graft. Four 6.0 absorbable sutures, one for each quadrant, were passed through the conjunctiva and Tenon's capsule before placing the implant. The DFG was then placed centrally in the socket. The conjunctival edge was sutured overlaying the dermis by~1 mm. A custom-made clear conformer was inserted into the socket right after the surgery ( Fig. 1 ) and a pressure dressing was applied for 2 days.
Postoperatively, a combination of steroid (betamethasone) and antibiotic (chloramphenicol) gel was given four times a day for a month. After one month, the conformer was replaced by a cosmetic CCP. MRI was performed preoperatively to evaluate the socket shape and the position of the CCP in the socket as well as to detect the presence of any eye remnant within the orbit.
When MRI ruled out the presence of eye remnants within the orbit, a DFG was placed centrally in the socket. In five children, MRI detected the presence of an eye remnant located in the supero-temporal orbit. In two patients, the eye remnant was removed and replaced by the DFG. In the other three cases, the DFG was placed below the eye remnant (Fig. 2 ). Where present, hematoxylin and eosin staining of the biopsied remnant tissue was performed. Postoperative MRI was performed in all children starting 6 months after surgery to evaluate graft and prosthesis position.
Patients were followed up at 1 day, 1 week, 1 month, and 3 months postoperatively until the end of the first year.
Vertical palpebral aperture (VPA) and horizontal palpebral length (HPL) were measured in millimeters (mm) in all patients. The difference between affected and unaffected sides was assessed only in unilateral CCA and was expressed in percentage (%). Measurements were obtained by the same physician at three significant timepoints: at first CCP fitting (T0), preoperatively before DFG (T1) and at the last available follow-up (T2), respectively. Prostheses stability and position into the socket were carefully assessed at each follow-up. The integration of DFG, fornices depth, the presence of eyelid malpositions, and complications were also assessed at each examination.
Satisfaction of both families and physicians with the cosmetic outcome was appraised using a 0-10 scale questionnaire, with 0-4 being classified as "dissatisfied", 5-7 as "satisfied", and 8-10 as "very satisfied".
The Institutional Review Board of the Università Cattolica del Sacro Cuore of Rome approved the study, which was carried out according to the tenets of the Declaration of Helsinki. The institutional review board reviewed and approved data management. Informed consent in writing, including an explanation of the clinical procedures and 
Results
Twenty patients presented with unilateral CCA, whereas CCA was bilateral in two cases. Patient demographics, timing of CCP and DFG, and total follow-up time are outlined in Table 1 .
At the time of the first cosmetic CCP fitting, children's mean age was 3.3 months (range 1-6 months), with the exception of one patient who was examined for the first time at 28 months of age.
Mean age at the time of DFG was 34.1 ± 25.1 months, with the youngest case undergoing surgery 9 months after birth and the oldest being 8-year-old.
DFG was performed at an average age of 20.8 months (range 9-48 months) in 18 orbits. Five children (six orbits) underwent DFG at an older age, ranging from 4 to 8 years, owing to unrelated family and health circumstances. After the DFG procedure, an adequate filling of the socket was achieved in all children, with good prosthetic retention, deepening of the fornixes and eyelid expansion. The mean follow-up was 48.8 ± 22.6 months (range 15-92 months).
On preoperative MRI, the presence of a non-cystic lump located in the supero-temporal orbit was reported in five patients (Fig. 3a) . In two cases, the remnant was removed and replaced by the DFG and histological examination revealed the presence of a rudimentary eye (Fig. 3b) . In the other three cases, DFG was placed below the eye remnant.
One patient underwent surgical removal of the eye remnant and simultaneous replacement with the DFG. After 6 months, the child developed a lower lid entropion. MRI detected the DFG in the same place as the removed eye remnant in the superior orbit, along with an excess of fat growth. As a consequence, the prosthesis was pushed onwards and downwards, resulting in prosthesis tilting causing traction on the posterior lamella and consequent entropion. Therefore, a debulking of the fat excess was performed, allowing good prosthetic retention. To avoid this complication, the DFG was placed below the eye remnant in the remaining four cases, filling homogeneously the socket according to the MRI findings.
A significant decrease in the PA T0-T2 difference was observed in 19 patients with unilateral CCA (95%). The average VPA difference dropped by 47.6% (10.5 mm), ranging between 1 and 28 mm, with the main difference reduction occurring before DFG (T0-T1).
The HPL T0-T2 difference decreased slightly over follow-up. A mean decrease of the HPL difference by 7.1% (5.8 mm) was observed, ranging between 0 and 18 mm. The difference between T0-T1 was found to be higher than T1-T2, but still less remarkable compared with the VPA difference. In patients with bilateral CCA, an improvement of both VPA and HPL was detected over follow-up.
When assessing satisfaction with cosmetic outcomes, parents' mean score was 8.7 (very satisfied), whereas physicians' mean score was 7 (satisfied).
Neither socket nor fornix contraction were observed during follow-up, and no fat resorption occurred after DFG. A keloid on the gluteal scar was noted after 6 months in one child (4.2%).
The esthetic appearance of all children improved after treatment. The best results in terms of prosthetic retention and cosmesis were achieved in those patients who underwent surgery between 12 and 24 months of age.
Discussion
The correct treatment of clinical congenital anophthalmia should aim to expand eyelids, fornices, socket soft tissues, CCP cosmetic customized prostheses, DFG dermis fat graft and orbital bones. This allows children to fit suitable prosthesis, minimizing facial asymmetry, and improving cosmetic appearance. Success or failure of this treatment will affect not only the child's appearance, but also his psychological and social development [31, 32] . Nevertheless, to date a widely recognized consensus on the most appropriate management of this condition is still lacking. Several strategies have been proposed but none of them succeeded in addressing all aspects of this complex malformation [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
Hard silicon spheres require multiple general anesthetic and surgical procedures to change the size of the implants and do not yield a significant increase of socket lining. Selfexpanding hydrogel tissue expanders have been revisited recently as an alternative treatment to enlarge the volume of socket and/or orbital bones in congenital anophthalmia [23] [24] [25] [26] [27] [28] . These implants may be either socket hemispherical or orbital spherical shaped. The former hydrogel implants are placed in the conjunctival sac and increase their volume along a postero-anterior vector very quickly once in place. They will increase the conjunctival lining but when they become unstable they have to be replaced with a hard shell conformer to maintain the fornices [13, 21] . The orbital volume is then increased with a DFG. The main limits of orbital spherical shaped implants are migration and extrusion, conjunctival erosion, and orbital inflammatory reaction [26] .
Inflatable orbital tissue expanders seem to provide better bony orbit expansion, but do not expand the fornices, making it difficult to retain enlarging prostheses.
Although a similar approach using expandable conformers to increase palpebral aperture and fornices depth was described by Lamb in 1970 [33] , these techniques do not provide early cosmetic rehabilitation, and do not fill the volume gap nor deepen fornices.
According to our experience, standard conformers result in a tilted position and are not suitable to fit sockets whose shape presents with dramatically shallow fornices. Conversely, our non-invasive approach allows patients to fit a cosmetic CCP within the first month of life with no need of anaesthesia.
Using CCPs leads not only to immediate familiar satisfaction in terms of cosmetic outcome [34] but also provides patients and families with the opportunity to immediately begin the rehabilitating pathway. Indeed, fitting a CCP at an early stage allows children to be part of their own social environment, easing potential family emotional distress. Above all, this strategy permits the expansion of socket soft tissues in order to correctly retain the prosthesis and to gain symmetry over the unaffected side. However, this first step allows to achieve a satisfactory expansion of the socket in its posterior portion, whereas fornices remain shallow and PA is still unsatisfactory.
The DFG allows to fill the socket with the correct volume, to increase the lining and to reshape and deepen fornices. It is known, indeed, that the increase of orbital volume promotes bone expansion, whereas the same outcome cannot be obtained vice versa [29] . As a result, prostheses can be placed forward along the antero-posterior axis, gaining facial symmetry. After the DFG, patients can easily wear a thinner prosthesis, which can be gradually increased in size (Fig. 4) .
In our series neither fat absorption nor rejection were found, DFG being an autologous graft. The graft remained healthy over the entire length of follow-up, with an increase of its fat share according to socket development [35] . Furthermore, conjunctiva migrates from the wound edges, overlaying the dermal side of the graft and increasing the original socket lining. A debulking procedure was needed only in one case (4.5%) although it is likely that the earlier the implant is positioned the greater the likelihood for the graft to grow. In many patients DFG have grown at puberty, although when performed at an older age DFG tends to a certain degree of fat atrophy [36] .
Nonetheless, if the final volume was underestimated, the procedure can be safely repeated.
MRI clearly demonstrates the treatment process. Preoperatively, it helps the surgeon to place the DFG in the correct position into the socket, illustrating whether eye remnants are present or not. Postoperatively, it allows to evaluate graft position and the presence of deep fornices. It also shows how the prosthesis is thinner than before surgery and well placed within the socket. VPA and HPL were measured as indirect parameters of symmetry between the two sides. VPA difference between affected and unaffected sides experienced a significant decrease over the follow-up, leading to a relevant gain in facial symmetry. Treating children as soon as possible after birth, ideally within the first month of life, is mandatory to achieve such outcomes. Although a VPA increase might be argued to be mainly dependent on the size of the prostheses [21] , deepening the fornices and providing the socket with a proper lining and volume are crucial steps in order to fit serially enlarging CCPs. Further expansion of the PA was then obtained through DFG. HPL difference featured a less-remarkable decrease, but proved still helpful to reach a higher degree of facial symmetry. The two patients with bilateral CCA were excluded from the difference assessment since it would have been unavoidably biased. However, a substantial increase of both VPA and HPL was observed in these cases, resulting in an acceptable degree of facial symmetry.
The initial severity of the malformation and children's age at the time of surgery deeply influences the final cosmetic and functional outcome. Despite the initial condition, children treated with DFG between 9 and 20 months of age achieved the best cosmesis, while those who underwent surgery at 4 years or older had poorer cosmetic results, even though parents still considered themselves very satisfied.
Volumetric rehabilitation of orbital bones and content by CCPs, DFG, and prosthetic treatment allows progressive molding and enlargement of the orbit during infancy, contributing to restoration of a certain degree of palpebral function. Nevertheless, the orbicularis muscle fibers are reduced in size and number, and tarsus appears very thin, often resulting in eyelid entropion. Further studies are needed to assess the most effective therapeutic strategy for the correction of entropion secondary to malformative congenital conditions, but the final outcome will be related to the degree of severity of the initial malformation.
Outcomes, sample size (n = 24) and long-term follow-up allow us to consider our method safe, effective, and repeatable.
Conclusions
This study confirms the importance of early use of cosmetic purpose-designed prostheses to improve psychological and social development of both children and their families as first step of the rehabilitating strategy. Expansion of the socket before any surgical treatment is essential. In our study, CCPs proved to work effectively and safely, allowing quick socket and fornices expansion with no need of anesthesia or tarsorrhaphy and with early cosmetic results. The use of hydrogel expanders remains a valid alternative for the first step of socket expansion. DFG is then key in order to expand socket lining and decrease volume deficit. As a result, patients achieve a remarkable degree of symmetry and satisfactory cosmesis.
Summary
What was known before
• Clinical congenital anophthalmia (CCA) is a rare malformative condition, characterized by partial or total absence of a normal-size eye within the orbit, causing developmental anomalies for the bony orbit, eyelids, and socket soft tissues.
• Management of CCA requires a coordinated approach, in order to expand the socket soft tissues and bony orbit to achieve good prosthetic retention and maximize facial symmetry.
• Hydrogel expanders are used effectively for the first step of socket expansion, followed by dermis fat graft (DFG).
What this study adds
• Progressively enlarging cosmetic customized prostheses early after birth followed by dermis fat graft represent an effective strategy of socket rehabilitation in children with CCA, allowing socket expansion and prosthetic retention, with satisfactory cosmetic outcomes and improvement of psychological and social development.
